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Abstract— The design and implementation of a real-time 
passive high Doppler resolution radar system is described in this 
paper. Batch processing and pipelined processing flow are 
introduced for reducing the processing time to enable real-time 
display. The proposed method is implemented on a software 
defined radio (SDR) platform. Two experiments using this system 
are described: one based on small human body motions and 
another one on hand gesture detection. The results from these 
experiments show that the proposed system can be used in a 
range of application scenarios such as eHealth, human-machine 
interaction and high accuracy indoor target tracking. 
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I.  INTRODUCTION 
Passive radar was first proposed and implemented during 
World War II for detecting aircraft by using the radio signals 
emitted by other radar systems [1]. In more recent years, 
passive systems that used FM radio, analog television and radio 
communication signals have been developed for detecting and 
tracking airborne targets. With the deployment of wireless 
communication infrastructures such as cellular, digital radio 
and internet networks a number of additional applications have 
been developed which include passive systems for monitoring 
highway traffic [2] and Wi-Fi passive radar for indoor person 
detection [3]. 
Wi-Fi passive radar has been used for detecting people in 
office buildings [4] and through-walls [3]. It has also been used 
for tracking a vehicle in an open field [5]. These studies proved 
that 802.11x signals can be used as the illuminator for target 
detection and tracking in both outdoor and complex indoor 
scenarios. Recently, further studies in [6], [7] have 
demonstrated the potential of capturing very small Doppler 
shifts which can be mapped to small human body movement. 
The signal processing methods used in [6] and [7] have been 
out of the scope of traditional radar signal processing. The 
method for extracting Doppler information in these systems 
(WiSee and Wi-Vi) is different from the cross correlation 
methods normally used in radar systems. WiSee developed an 
equalized FFT method for capturing the Doppler shifts from 
the reflected Wi-Fi signal, similar to the traditional short-time 
Fourier transform (STFT). The Doppler resolution of this 
method depends on the integration time of the FFT. In addition, 
the complexity of the system using the proposed method 
increases significantly because it has to implement the 
demodulation and channel decoding according to 802.11x 
protocols for the purpose of the equalizing the OFDM symbols. 
The Wi-Vi project proposed a 2 TXs and 1 RX system which 
uses an analog method to extract the Doppler shift from the 
reflected signal. The analog principle helps the Wi-Vi system 
to work in a real-time mode compared with the STFT or 
ambiguity function methods. However, the analog processing 
principle limits the potential of the interference elimination 
which is very important in an indoor application scenario. The 
Wi-Vi has not been verified with the standard Wi-Fi AP since 
it uses a specially modified transmitter. Regarding small 
Doppler shift detection, similar work has been discussed in [8] 
with an active radar system but little work has been reported in 
the passive radar field especially passive systems using Wi-Fi 
illuminators. In this paper, a micro-Doppler detection method 
is proposed for the passive Wi-Fi radar for capturing very small 
Doppler shifts caused by human body movement. 
For a radar system, the detection accuracy is largely 
determined by two factors: bandwidth; which determines the 
range resolution; and integration time which determines the 
Doppler resolution. In a passive system using Wi-Fi, the signal 
bandwidth is fixed at 20(802.11a,g,n)/22(802.11b)/40(802.11n) 
MHz, which equates to 7.5 to 15 meters fix range resolution, 
while the integration time is variable. This means that the 
Doppler resolution can be improved by taking longer samples 
during processing. A similar description can be also found in 
the other digital Doppler information extraction method, for 
example more OFDM symbols are required according to the 
processing principle in [6]. However, the main problem with 
longer integration times is that a longer processing time is 
required for extracting the Doppler information from the very 
large volume of data samples. In some cases, Doppler 
information may even be lost when the processing time is 
longer than the next sampling duration. Thus, batch processing 
[9] is introduced in this paper to reduce the processing time 
needed for the long samples sequences which are used for high 
Doppler resolution passive Wi-Fi radar. In addition, a pipeline 
processing flow is proposed for enabling real-time Doppler 
output. In this paper we also report the design and build of a 
real-time software defined radio (SDR) system which has been 
used to verify the proposed fast cross correlation function 
(CAF) calculation and related processing flow. Two 
experiments were designed and carried out for detecting small 
human body movements and hand gestures. The experimental 
results prove the effectiveness of the proposed real-time 
hardware and processing software , demonstrate the potential 
of real-time high accuracy Doppler tracking and human-
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